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VUV FOURIER TRANSFORM SPECTROSCOPY OF THE (0,0) BAND OF NO 

K. Yoshino, J.R. Esmond, J.E. Murray 
Y. Sun, A. Dalgarno, W.H. Parkinson 

A.P. Thome 

Harvard-Smithsonian Center for 
Astrophysics 

Cambridge, MA 02138 

Blackett Laboratory 
Imperial College 
London SW7.2BZ, UK 

Using the VUV Fourier transform spectrometer (FTS) at Imperial College we have observed 
the (0,0) and (1,0) bands of NO, at 191 nm and 183 nm respectively, in absorption. A high 
current hydrogen lamp was used as the background continuum source with a 0.3 m grating 
spectrometer as a bandpass filter. The absorption spectrum was observed at various pressures 
of NO ranging from 0.004 to 0.089 torr, and temperatures of 295 K and 78 K. To fully resolve 
the sharp NO lines (Doppler width 0.11 cm"1 at 295 K) we chose an FTS resolution of 0.06 cm*1 

(2 mA). We report here on the first, absolute, cross section measurements made for the (0,0) 
band along with new improved energy precision for the low lying rotational levels (up to 
J=201/2 for the C2II and J=81/2 for the B2II electronic states). A deperturbation procedure to 
analyse the energy level structure will be presented. 

This work is supported by NSF Division of Atmospheric Sciences grants ATM-91-16552 and 
ATM-90-19188 to Harvard College Observatory. 
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Photo-destruction of NO is an important 
stratospheric process 

175 - 205 nm penetration controlled by O2 

Atmospheric model computations involving 
O2 and NO must be done on a line by 

line basis 

Such measurements have been completed for most 
of the Schumann-Runge band 

To fully resolve the linewidths of the NO band 
we require resolving powers approaching 106 

8(0,0)  AND ß[J,0)   BANDS   OF    NO 
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Table 1 

Determination of the mixed C 2II and B 2II Tye terms 
using rotational lines from different branches 

J Rll Pll R12 P12 Qll Q12 Mean std 
0.5 52372.72 52372.69 52372.70 0.02 
1.5 52380.29 52380.31 52380.32 52380.29 52380.30 0.01 
2.5 52391.00 52390.99 52391.00 52390.99 52390.95 52391.02 52390.99 0.02 
3.5 52402.34 52402.33 52402.27 52402.31 0.04 
4.5 52414.02 52414.04 52414.03 0.02 
5.5 52430.65 52430.65 52430.63 52430.64 52430.64 0.01 
6.5 52453.45 52453.45 52453.45 52453.44 52453.45 0.00 
7.5 52480.79 52480.80 52480.76 52480.78 0.02 
8.5 52512.26 52512.26 52512.25 52512.25 52512.26 0.00 
9.5 52547.75 52547.70 52547.76 52547.74 0.03 
10.5 52587.19 52587.19 52587.24 52587.26 52587.22 0.03 
11.5 52630.65 52630.63 52630.64 0.01 
12.5 52678.06 52678.06 52678.04 52678.06 0.01 
13.5 52729.40 52729.39 52729.40 0.01 
14.5 52784.74 52784.72 52784.74 52784.73 0.02 
15.5 52843.98 52844.02 52844.00 0.02 
16.5 52907.15 52907.16 52907.16 0.00 
17.5 52974.30 52974.35 52974.33 0.03 
18.5 53045.38 53045.39 53045.38 0.01 
19.5 53120.39 53120.39 
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The eigenstates of the NO molecule are mixtures of four Hund's case (a) 
basis: C2Ul/2(v = 0, J), C2U3/2(v = 0, J), B2Ul/2(v = 7, J), and B2U3/2{v = 
7, J). The corresponding 4x4 Hamiltonian is given in Table 2a. Least square 
nonlinear fitting of the observed enenrgy values to the Hamiltonian results in 
the molecular constants (Table 2b). In the fitting, we fixed the D constant 
for the B2II at 4.68 x 10-6 (calculated using the RKR potential of Gulluser 
and Dressier). 

Table 2a: Hamiltonian for each ^11 block 

1 2n1/2 n3/2 
' 2n1/2 Tv - A/2 + B(X -f 1) - D[(X -rl)2 + X: 

tp(l- y/X + D./2 + q(X -r 2 = 2x/X - 1 )/2 
symmetric 

n3/2 VX[-B -r 2DX Tv -A!2TB(X-1) 
l -p/4 + 9(±V'A' + l-l)/2] -D\(X -l)2-X'~oX/2 

X = (J — l/2)(J -T 3/2), upper (lower) signs are for e(f) parities. 

(B2Ua\H\C2UQ') = HBCSOO' 

-1     .„ Table  2b:  Molecular  constants  xn cm     units 

i c2n(^ = o) i    TV A B                   D                  p q 
j    this work    j 52371.26 
!       A&V 
1 

|    3.21 
3.1957 

]    1.9945   i    6.2 xlO-5    ; -0.0059 i 
i 1.994555 1 5.8694xl0~6 ! -0.0057 j 

-0.01G 
-0.0159484 

B2n(t; = 7) j       Tv A B      j          D          !      p              q 
|    this work   1 52367.14 42.31 1.0320 ! 4.68xl0-6 1 0.024 \ -0.0034 

HBc = 5.29, rms=2.1xl0-3. 
The energy origr.n is the lowest X2II level. 
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SHARC 
A MODEL FOR CALCULATING ATMOSPHERIC RADIATION UNDER 

NON-EQUILIBRIUM CONDITIONS 

David Robertson,1 Robert Sundberg,1 James Duff,1 

John Gruninger,1 Steve Adler-Golden,1 Ramesh Sharma,2 

and Rebecca Healey3 

lSpectral Sciences, Inc. 2Phillips Laboratory/GPOS 
99 South Bedford Street, #7 29 Randolph Road 
Burlington, MA 01803-5169 Hanscom AFB, MA 01731-3010 

3Yap Analytics 
594 Merrett Road 
Lexington, MA 02173 

SHARC was developed by the Air Force to provide both research and systems-level 
predictions for atmospheric IR radiance for arbitrary paths within the 50 to 300 km altitude 
regime and in the 2-30 [x.m spectral region. The code calculates LTE and NLTE emissions from 
the significant atmospheric IR radiators, C02, NO, 03, H20, CO, OH, and CH4.   Molecular 
excited state populations are calculated with a Monte Carlo model for layer-layer radiative 
excitation and energy transfer with a flexible chemical kinetics module derived from the 
CHEMKIN Code developed by Sandia, Livermore. Radiation transport calculations are based 
on an equivalent-width line-by-line (LBL) approach with a spectral resolution of about 0.5 cm'1. 
The LBL algorithm uses the Roger-Williams and Curtis-Godson approximations for the 
equivalent widths of combined Doppler-Lorentz (Voigt) lineshapes. Spectroscopic data are taken 
from the HTTRAN line atlas which has been augmented with additional 03, NO and NO+ lines. 
SHARC also has an auroral module that describes electron dosing and solves the time/energy 
dependent rate equations to calculate secondary electron distributions and the resulting IR 
emissions from C02, NO and NO+.  This module is fully embedded in the ambient part of the 
code so that radiance calculations for paths passing through a finite auroral region are possible. 
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NON-LTE STUDIES OF THE 15-um BANDS OF C02 FOR 
ATMOSPHERIC REMOTE SENSING 

David P. Edwards,1 Manuel Lopez-Puertas,2 and 
Miguel Angel Lopez-Valverde2 

'National Center for 2Instituto de Astroffsica de 
Atmospheric Research Andalucia 

Boulder, Colorado, USA Granada, Spain 

The new line-by-line non-LTE calculation capability of the GENLN2 radiative transfer code is 
described.   Non-LTE model implementation and molecular state vibrational temperature input 
requirements are discussed for studies of the 15-um v2 bands of C02. Monochromatic and band- 
integrated radiance calculations have been performed for atmospheric limb view tangent heights 
between 50 and 120 km for non-LTE night and daytime conditions.    Non-LTE radiance 
considerations are shown to be important for the 15-um C02 bands for tangent heights greater 
than 70 fan, the magnitude of the divergence from LTE values and diurnal variation being 
dependent on the band and kinetic temperature profile.  We show the importance of including 
Lorenzian line wings and overlapping lines.   Calculations of synthetic radiance spectra are 
presented showing the non-LTE effect for two C02 temperature sounding channels of instruments 
aboard the Upper Atmosphere Research Satellite as a demonstration of the model capability. 
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CRITICAL TESTS OF NON-LTE RADIATIVE MODELS AGAINST 
HIGH-LATITUDE ROCKET DATA 

R.H. Picard,1 J.R. Winick,1 U. Makhlouf,1 AJ. Paboojian,3 

AJ. Ratkowski,1 K.U. Grossmann,4 D. Homann,4 and J.C. Ulwick2 

lPhillips Laboratory/ Geophysics 
Opcical Environment Division 
Hanscom AFB, MA 01731 

2Stewart Radiance Laboratory 
Utah State University 
129 Great Road 
Bedford, MA 01730 

3ARCON Corporation 
Waltham, MA  02154 

4University of Wuppertal 
Wuppertal, Germany 

We have carried out tests of non-LTE radiation models against field data under conditions in 
which the state of the atmosphere was very well characterized and subject to extreme differences. 
The data were obtained during a series of rocket launches from northern Scandinavia, supported 
by ground-based observations. These included the series of SISSI flights, the first of which (6 
Mar 1990) was pan of the DYANA Campaign, and the MI-1 rocket launched 10 Feb 1984 during 
the MAP/WINE Campaign. The measured state of the atmosphere, including temperature and 
atomic-oxygen profiles, is input to the line-by-line ARC (Atmospheric Radiance Code) non-LTE 
code and associated models, and model predictions are compared with spectral data from a 
rocketborne Ebert-Fastie spectrometer, emphasizing the CO, 15um data. We conclude that the 
models are able to predict non-LTE spectral radiance very well when provided good input data 
on the atmospheric state. We also show that very significant differences between model 
predictions and point measurements can occur when climatologies are used to generate inputs for 
the radiative models. 
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SISSI-1  (DYANA Campaign) 
ESRANGE, Sweden (68°N, 21 °E) 
6 Mar 90, 0440 UT 
Rocket - Skylark VI 
Apogee: 200km 
SZA: -95° 

M-11  (MAP/WINE Campaign) 
ESRANGE, Sweden 
10 Feb84, 0412UT 
Rocket - Skylark VI 
Apogee:  179km 
SZA:  106° 

1  a 

^T 

SPLIT NOSE CONE 

INFRARED SPECTROMETER 
(Univ. of Wuppertal) 

  NITRIC OXIDE SENSOR 
(USU/PL) 

 FARADAY ROTATION 
(TUG) 
IR RADIOMETER 
(USUfPL) 

- ATOMIC OXYGEN SENSOR 
(USU/PL) 

PLASMA FREQ. PROBE 
~ (USUfPL) 

- BATTERIES 

ATTITUDE CONTROL SYSTEM 

RECOVERY UNIT 
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SESSION E: STRUCTURE ALGORITHMS 
Chair:  Edmond M. Dewan, PL/GPOS 
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ATMOSPHERIC STRUCTURE SIMULATION: AN AUTOREGRESSIVE 
MODEL FOR SMOOTH GEOPHYSICAL POWER SPECTRA WITH 

KNOWN AUTOCORRELATION FUNCTION 

James H. Brown 

Phillips Laboratory/ Geophysics 
29 Randolph Road 
Hanscom AFB, MA 01731-3010 

Within a defined domain, geophysical phenomena often are characterized by smooth continuous 
power spectral densities having a negative power law slope. Frequently, Fourier transform 
analysis has been employed to generate synthetic scenes from pseudorandom arrays by passing 
the stochastic data through a Fourier filter having a desired correlation structure and power 
spectral dependency. This paper examines the possibility of producing synthetic structure by 
invoking autoregression analysis as contrasted with the Fourier method. Since computations that 
apply multidimensional fast Fourier transforms to large data arrays consume enormous resources 
and time, the goal of this study is to seek an alternative method to reduce the computational 
burden. Future editions of the Phillips Laboratory Strategic High Altitude Atmospheric 
Radiance Code (SHARC) will feature an ability to calculate structured radiance. The methods 
explored herein provide a process that can compliment or in some cases supplement methods 
presently being used. 
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Figure Captions 

1. Expression for the linear difference equation. Future values of a time 
series predicted from past values and random data. So-called ARMA 
model. 

2. Expression for power spectra given an ARMA linear predictor model. 
The a's and b's are the AR and MA predictor coefficients. 

3. A theoretical model for power spectral density and autocorrelation 
function for constant power law slope. 

4. Expression for the coherence length parameter . Function of power 
law slope and parameter "a". 

5. Sample model PSD and autocorrelation function. Slope =-3., a2 = 
0.2, Lc = 5.0 and a = 0.05. Upper left quadrant log-log PSD vs spatial 
frequency, upper right quadrant linear PSD plot, lower left quadrant 
autocorrelation function vs lag, lower right quadrant power curve. 

6. White noise. Sample Gaussian random number sequence, mean = 0., 
standard deviation = 0.055, spacing 100m. 

7. Histogram of sample Gaussian random number sequence. Theoreti- 
cal mean = 0., theoretical S.D. = 0.055. 

8. Left panel, theoretical PSD input (unmarked), autoregressive predic- 
tor PSD (marked by x), and simulated PSD (marked by small square). 
Right panel, corresponding autocorrelation functions. Lc = 1.75 Km, 
S = -5/3, a2 = 1.02E-03, spacing = 100m. Theoretical autocorrelation 
function modified at lag = 0. Six predictor coefficients. 

9. Autoregressive simulated structure sequence. Lc = 1.75 Km, S = 
-5/3, a2 = 1.02E-03. 

10. Histogram of autoregressive simulated structure sequence. Lc = 1.75 
Km, S = -5/3, a2 = 1.02E-03. 

11. Left panel, theoretical PSD input (unmarked), autoregressive predic- 
tor PSD (marked by x). Right panel, corresponding autocorrelation 
functions. Lc = 1.75 Km, S = -5/3, a2 = 1.02E-03, spacing = 100m. 
Modified theoretical autocorrelation function at lag = 0. One predic- 
tor coefficient. 
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12. Left panel, theoretical PSD input (unmarked), autoregressive predic- 
tor PSD (marked by x), and simulated PSD (marked by small square). 
Right panel, corresponding autocorrelation functions. Lc = 10 Km, S 
= -5/3, a2 = 4.9E-03, spacing = 100m. Theoretical autocorrelation 
function modified at lag = 0. Six predictor coefficients. 

13. Autoregressive simulated structure sequence. Lc = 10 Km, S = -5/3, 
a2 = 4.9E-03. 

14. Conclusions. Self-explanatory. 

15. The auto-regression Yule-Walker Matrix equation for solving the AR 
coefficients. 

16. The Levinson Recursion Algorithm. An iterative solution of the Yule- 
Walker equations. 

17. A forward and backwards method for minimizing the error of an AR 
process power spectrum. 
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AN UPDATE ON THE AFGL OPTICAL TURBULENCE 
RADIOSONDE MODEL 

Edmond M. Dewan 

Phillips Laboratory/ Geophysics 
29 Randolph Road 
Hanscom AFB, MA 01731-3010 

Recently the AFGL CM
2 model has been applied by Lt Col Roadcap of Phillips Lab (at Kirtland 

AFB) to radiosonde data for the purpose of estimating the effects of turbulence on an AF 
Airborne Laser Weapon System (ABL). This had the effect of bringing new attention to this 
model developed some yean ago by Dewan, Good, Beland, and Brown*. While it is true that 
our model has been described in the open literature, these descriptions left out of account certain 
important items of interest. The purpose of this talk will be to make these available prior to their 
publication. (An in-house report is in press). These include (a) the basis of the model and how 
it was constructed, (b) the estimated uncertainty of its predictions, and (c) potential pitfalls in its 
use. An alternate (NOAA) model exists and comparisons will be made between it and the AFGL 
Model. Briefly, in contrast to the NOAA model, the AFGL model is (a) an order of magnitude 
simpler (i.e. faster), (b) has no "adjustable parameters" (site location dependence), and (c) it may 
possibly be more reliable in its application to the ABL program. 

It has been indicated, with the help of this model, that jet streams may play an important role in 
how any future ABL system might be operated. 

*In house report in press "A Model for CN
2 (Optical Turbulence) Profiles Using Radiosonde 

Data". 
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A NIGHTTIME STRUCTURE MODEL OF ATMOSPHERIC OPTICAL 
TURBULENCE, CN

2 DERIVED FROM THERMOSONDE AND 
HIGH RESOLUTION RAWINSONDE MEASUREMENTS 

James H. Brown 

Phillips Laboratory/ Geophysics 
29 Randolph Road 
Hanscom AFB, MA 01731-3010 

Data from fifteen thermosonde flights was used to develop a simple nighttime structure model 
of CN

2. High resolution rawinsondes provide fine scale estimates of atmospheric temperature 
gradients and variances of wind speed. Non-linear regression applied between the thermosonde 
and rawinsonde measurements provide the model Q,2 estimator. This quasi-empirical model is 
based upon the theoretical description given by Tatarski and upon an exponentially scaled 
estimate of a theoretical model of the eddy dissipation rate given by Weinstock. A discussion 
of previous models and a comparison with the Dewan et.al. microshear model is presented. 
Model profiles computed for other sites and seasons is compared favorably to related 
thermosonde profiles. 
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Figure Captions 

1. Turbulence Structure Constant equation. C^ depends on temperature 

fluctuations Ct . 

2. Cn Hufnagel model. C„ expressed as a function of altitude and RMS 
wind speed only. 

3. NOAA Cn model. C* expressed as function of statistical distributions 
of Brunt-Vaisalla frequency, wind shear, and outer scale. 

4. The Dewan et.al. model. C„ expressed as function of outer scale where 
outer scale is modeled after high resolution wind shears. 

5. Thermosonde model. C^ expressed as function of Brundt-Vaisalla 
frequency and outer scale. Outer scale modeled after thermosonde 
measurements. 

6. Thermosonde Model 1 and Model 2 expressions. Outer scale expressed as 
functions of RMS wind speed and Brundt-Vaisalla frequency. 

7. Final Form of expression for outer scale model. Ratio of scaled wind speed 
variance and Brundt-Vaisalla frequency. 

8. Thermosonde Profiles measured at Pennsylvania State University, Flight 
L4007, May 4, 1986, Temperature, Relative Humidity, Cj, Wind Speed, 
Wind Direction. 

9. Thermosonde Cf measurement (raw and smoothed) profiles compared to 

model (1) Cf profile. Flight L4007. 

10. Binned scatter plot of data from entire Pennsylvania State University cam- 
paign. "L" for smoothed thermosonde measurements compared with "L" 
from model (1). A 45 degree slope represents perfect agreement. Error bars 
represent the standard deviation of the data in each bin. Numbers above 
the plots are the number of points falling outside three standard deviations. 
Left-hand plot is troposphere. Right-hand plot is stratosphere. 

11. Regression constants for Model (1) and Model (2). 
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12. Thermosonde Profiles measured at Champaign, Illinois Flight L1014, June 
1988. 

13. Thermosonde Cf measurement (raw and smoothed) profiles compared to 

model (1) Cf profile. Flight L1014 

14. Outer scale - smoothed thermosonde data compared to model. 

15. Smoothed shear profile as determined by Dewan's application. 

16. Thermosonde Cf measurement (raw and smoothed) profiles compared to 

Dewan, et.al. Cf model profile. Flight L4007. 

17. L(z) from smoothed thermosonde data compared to Dewan, et.al. L(z) 
model profile. Flight L4007. 

18. Brunt-Vaisala frequency and RMS wind speed profiles derived from 
smoothed measurement compared with Dewan et.al. model Cp profile. 
Flight L4007. 

19. Scatter plot of "L" for smoothed thermosonde measurements compared with 
"L" from Dewan, et.al. model. Flight L4007. Leftmost plot for troposphere. 
Rightmost plot for stratosphere. 

20. Isoplanatic Angle expressed as function of Cn and altitude. 

21. Isoplanatic angle calculations for Pennsylvania State University Campaign. 
Comparison of measurement to model. 

22. Dewan et. al. model. Isoplanatic angle calculations. Comparison of meas- 
urement to model. 

23. Isoplanatic angle calculations for Pennsylvania State University Campaign, 
Champaign, III Campaign, and Desert Site Campaigns. Comparison of 
measurements to model. 

24. Conclusions. Self-d&criptive. 
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L0= |CT**21 SMOOTH ORTfll 
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I CUC2*LOGIO(V+C3) + 
C4*L0G10(WfC5) 3/4 LO=IO 

NO RI   MODEL  ONO 
WITH LO REGRESSION MODEL 

] 
30, 

L0(SMOOTH DOTO) 
SO        100 

L0(MODEL 
SO 

USING R) 
100 ISO 

Figured?" «nrnemrMgTJreTteui- for Cham pa ign, Illinois Fiigiit L1014, June 1988 

L4007  NIGHT 
LAUNCH:  0S-04-8S 01i18:12 

0.01  0.02  0.02  0.03 
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THE MOSART GLOBAL CLIMATOLOGICAL AND 
TERRAIN DATA BASES 

Dr. William M. Cornette 

Photon Research Associates, Inc. 
10350 N. Torrey Pines Road, Suite 300 
La Jolla, California 92037-1020 

The MOSART program uses a number of global climatological and terrain data bases. These 
data bases include such parameters as terrain altitude, terrain scene type, surface air temperature, 
sea surface temperature, snow cover, amount of terrain, cloud cover (low, mid, and high etage, 
plus cirrus). Atmospheric data bases include the six (6) MODTRAN 2 model atmospheres, plus 
the additional seventeen (17) APART model atmospheres. These model atmospheres cover the 
Northern hemisphere (equator to pole in 15 degree increments), and include the U.S. and Israeli 
Standard atmospheres. These data bases are used to construct both background definition and 
atmospheric conditions for any location on the globe. This presentation will present the data 
bases and will discuss how they are used in the MOSART program. Potential growth areas for 
the data bases and their applications in the MOSART program will also be presented. 
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SHARC/SAMM/MODTRAN CALCULATIONS USING A 
CLIMATOLOGY MODEL ATMOSPHERE GENERATOR 

S. Adler-Golden, J. Gruninger, 
and M. Matthew 

Spectral Sciences Inc. 
99 S. Bedford St. 
Burlington, MA 01803 

Upper atmospheric IR radiances have been simulated using new input profiles that describe 
latitude, seasonal, solar/geomagnetic, and diurnal (including solar terminator) variabilities. The 
profiles, from the SHARC Atmosphere Generator, are based on a combination of semi-empirical 
models, including the new NRL climatology database and the MSISE-90 model, and theoretical 
calculations. Agreement with field experiments is greatly improved, and the terminator behaviors 
of 03 and OH emissions can be simulated with SHARC for the first time. The profiles can be 
generated down to sea level for use with SAMM, MODTRAN, or other codes that cover the 
lower atmosphere. 
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DEVELOPMENT OF A SIGNAL-TO-NOISE PERFORMANCE MODEL 
WITHIN BACKSCAT VERSION 4.0 

M.G. Cheifetz, D.R. Longtin, and J.R. Hummel 

SPARTA, Inc. 
24 Hartwell Ave. 
Lexington, MA 02173 

The lidar backscatter simulation, BACKSCAT Version 4.0, has expanded its capabilities and 
now includes a comprehensive and versatile signal-to-noise performance model. This signal-to- 
noise (SNR) model can give performance and sensitivity estimates for both direct detection and 
coherent (heterodyne) lidar systems. The model contains all the important noise sources inherent 
in the detection process and allows various detector types to be simulated and analyzed. In this 
paper we will summarize the SNR model and its inputs,describe some of the built-in detectors, 
and give examples. 

Research Supported by Phillips Laboratory, Geophysics Directorate 
Contract F19628-91-C-0093 
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AN OPTICAL PROFILE FUNCTION FOR MODELING EXTINCTION AND 
BACKSCATTER COEFFICIENTS IN VERY LOW STRATUS CLOUDS 

AND SUBCLOUD REGIONS 

Neal Kilmer Henry Rachele 

Physical Science Lab 
New Mexico State Univ. 
Las Cruces, NM 88003 

Battlefield Envir'ment Directorate 
U.S. Army Research Lab 
WSMR, NM 88002 

A theoretically based microphysics model developed by the authors simulated 135 vertical 
profiles of drop size distributions in and below very low stratus clouds. These profiles were 
computed as a function of air mass type, maximum liquid water content, and surface (2 m) 
values of temperature, relative humidity, and visibility representative of worldwide conditions. 
These drop size distribution profiles with Mie efficiency factors simulated vertical profiles of 
extinction and backscatter coefficients for eight wavelengths. The extinction and backscatter 
profiles were fit with the Rachele-Kilmer (RK) optical profile function to significantly simplify 
computation procedures. All constants required to evaluate the RK optical profile function have 
been placed in computer-accessible storage, and a computer program for performing the 
calculations has been prepared and is available to DoD users. Use of this program is described. 

659 



as s 
o 

***** I >. 

2 
5 

DC 
O 
LL 

Ü 

LL 
O 
DC 
a. 

DC 
LU 

< 

Ü 
CO 

o 
< 

CO 

CO 
CO z 
g 
a 

CO   LU 
DC 

< 

DC 
I'- 

LL.   Z 
UJ   < Zo 

<  X 
2   LU 

£  C5 
o z 

<   Q 
o 

CO 

z CO z 
LI I- < 

LU CO 
G 

Ü ID 
LL O 
LL  | 

LU Ü 
O 
Ü 

CD   CE 
a. < 

0 
E 

d   Z   ÜJ   DQ = 

0 
0 

Ü 

03     C 
0     0 

4f3N O £ 

660 



-J 
LU 
Q 
O 
^ 

■      ■ 

* O 
c 
o cc a aan c CD 

C/D 3 o -f-J 

LL o a Eoosa 

> 

a ■aan 03 
c 
o 

O ■ SB«» 4«j 
a Baom 4-» 

o 

CD 
o B BSBSB E CD c 

Ü 
CD 

O 
Q. CD 

N 0 
> 

"co 
a 

C 
o 
Ü 

03 

Q Ü a 
o 

■ BBBBB 

iS 
0) 

a 
E a 

o iq
u

id
 

o i_ Q GC 1- Q _j 

0 
> 

LU 
^ 

o 
CO 

661 



in
u

o
u

s 

si
ly
 
to

 

on
 

a
n

d
 

lo
w

 

CO 
c 
o 

CO 
c 
0 

e mssss 

c CO 
a rams 

>, "o> 
a EE^ES 

"O 
o 0 o ^^T! 0 c 

LLJ ip
le
 

ci
 

la
te

d
 

e
xt

in
 

in
 

ve
 

lo
u
d
 

r 0 
ü 

0 
"G 

CO t 
O o CO o 

12 

s mm® 

O > O
ct

 1 

CO 
0 

c 
0 CO •r

id
 

CL 
GC .t

iv
e

l 

0 
n »

ro
fil

 
1 

§ 
w

 

an
d 0 

D 0 
c 
CO 

LL o 
Ü CO O 

CL Ü 75 o ^1 ^ 

0 
> 

cc 4*^ a aniBra 0 ,2 S &ES8B 
^ "S^ 

th
a

 ■H^ „frmä nfaxJ 

C>
 ö

 t
?

 9 
B 

L 0 
> ca

t o 
CO n

ia
 

io
n 0 

.■mi mil 

CO 

o a
iu

 0 
CO 
0 

a ü 
_C0 CO £3 0 

o C 
13 E 

„Q CO 0 
l_ 

662 



o 
I- 

LL 
LU 

LL 
O 
a. 
< 

(J 

a. 
O 

01 
LU 

N 

N 

N 

N 

c\j 
N 

CNJ 
CD 

b 
<D 

CD 

II 
CD 

/ 

663 



CO 
N 

+ 
C\J 

N 
* 

0 

+ 
N 

+ 
O 

X 

N 

DÖ4 



LL 
N 

CSJ 

+ 
N 

CM 
LL 

N 

C/) 
O 
O 

W 
C\J 

CM 
N 

CNJ 
o 
+ 
N 

+ 

N 

CNJ 

+ 
LL 

N 

CM 
LL 

N 

c 
CD 

m KI 
CM 

N 

y 
bbb 



0 0 

N N 

0 0 
b 

N N 

N 

666 



OOS     OOfr     00£      00?      001        0 

sjejsiu 'CNflOäD 3A08V 1H0DH 

667 

y 



CO 

-SJ 

-Ö 

~o 

m 

-co 

-CO 

-^ 

-o| 

uO 

o 
E 
Ld 
O 
O 

CD 

00S     OOf     00£     00?     OCH       0 

SJ9J9UJ 'QNnOdO 3A08V 1H0BH 

668 



CO z 
g 
Q_ 
o 
DC 
LU 
CO 

I 

Li. 
Q_ 
O 

< 

cc 
O 
O 
DC 
Q_ 

„C 
Ö) 
0 

-C 

+-» 0 c 
o 

■ aaaai 

r* O 
O C 

■ naaaj 0 +-' Li 

0 03 o 

0 
O 
c ^_J 

0 

0 c 
0 

4-» 

a aaaai 

03 

c 
c 
03 

0 
Bö) CO c .2 c 

0 *0 0 
o '(/) 

o 
a anaai 

0 
0 
O 

o 

0 

CO 
a aaaai 

E 
CO ti

n
c
t 

ie
n
t)

 

03 C 
0 
0 

ir 
te

m
p
e
r 03 c 

03 

! 
(e

x 
e

ff
ic

 

0 
a 
> 

■ tmmm 

"D 
a aaaai 

£ 
0 

4-» 

T3 
a aaaH 

CJ 
a aaaai 

o 
p

ro
fil

e
 

tt
e

r 
co

 
CO 

03 03 
E 

•4—» 

Ö) 
CO 0 > ■+-* c H--    03 
03 

£ 
■ mmmm 

XaV 

> 
a aaaai 

"cc 
0 

a enan 

■ BBOB 

*co 
a aaa 

C 
0 

a i—inw 

E 

E 
a aaaai 

X 
03 

0 
0 
> 
03 yp

e
 

o 
a

ck
sc

 

< cr > < I> h- n 

669 



0 

CD 

O CL 

CL 
O O 

ÜJ o 
^ LL 

0 

a 
o 

o 

03 

'o 

o 
Q 

"O 
0 

0 a a 
T3 
C 
CO 

0 

co 

o 
CO 
Ü 

C/3 

o 

a) c 
I SSHBB 

Ü 
CO a 
C/3 

'0 
I 

670 



LU 

LL 

o 
LL 
O 

o 
LL 

CO 

O 

0 

E 

LO 

CO 

CD a 
> 

o 

£ 
> 

CO 

CD     0 c   a 

il £ 

Ü 
03 
0 

0 
c 
o 

CO 
0 

Ö) 

CO 

E 
0 

DC 

c 
o 

X 
LU 

■   ■ 

CO 

"co 
■a 

0     *" 

0 
ü 

0 
O 
Ü 

0 

O     03 a o 
CO 

Ü 
CO 
12 

O 
.Q 

On   — 
0 
> 

0 

"G 
C 

O 
U) 

0 
> 

o 
JQ 
CO 

CO 

£ 

0 
0 

C 
CO 

671 



009     00fr     002     003      001        0 
SJ9|9UJ 'QNnOdO 3A08V 1HOQH 

672 



OOS      OOt      002      003      OOt        0 

SJ9J9LU 'QNnOdO 3A0aV 1H0BH 

673 



(/) 

o 
c/) 

Ü 

o 
ü 

o > 
4-=» 

75 
0 L. 
+«* 0 
CO c 

a o 
ö) 
c 
o 

CD 
c 
o 

D GBBB 

CO 

0 

o 

er 
a 
a °4= 
CO     ü 

c 
0    zs 

CD 
ö)  = 
c 
CD 

73 
0 

"co 

o 
co 
ü 
CO 
0 
> 

o 
a 

75 
ü 

2 3 
a **" 
CO jz 

+-« 

O ö) 
o „E 
O) CD 

^   > 

5-    "D 
^       0 

a 
o 

er 
0 

0 
ja 

co 

o   m 
I 
CD 

O  o 

CO 0) 
0 qz 
9- o 
co a 

O) CD 
0 

=    o   »     •"= 
= o 

X "ö 
0 0 
CD CO 
0 

O 
CO 
ü 

o 
a 
0     CD 

CO 

CD 
0 
> 

O 

°o 
0   -J 
£     0 
o   5 
o 
C     CD 

£ "2 
E s 
x § 
o £ 

o £ 

CO 
c 
o 
CD 
CO 
0 

0 

75 
0 c 
0 

0 
CD 

I : 

0 
D a1 

0 

i 

ö) 

0 0 

O 4- 
-*-* c 
^ 0 
CO co 
0 0 

Q- a a 
CO 

CD 
0 
> 
o 

c 
0 
ü 

a  15 
c    O 

o   ro 

0 

o 
LL 

T3 
0 

"5 
ü 

CD 
0 
O 
0 

0 a a 

0 

u>2 
C 
CD    4-=» 

CD 
0 

o 
a 

674 



u_ a I 

CO 0 ■+-» 
■ BBBB 0 CO 

a a^aa -Q o E 0 
U

S
IO

N
S

 

R
K
 

o
p
ti
c
a
l 

p
ro

fi
le

 H— 
O 

CO 
0 
D 

03 
> 

"D 
0 

■4-* 

CO 
u. 
0 
C 
0 co

n
si

d
e
re

d
 

fo
r 

p
o

ss
i 

m 

CO 
CO 
0 
Ü 
o 
CO 

o 
■+-» 
0 
c 

ss
in

g
 

cu
ri
e

.a
rl
.a

rm
y.

 
ne

t 5
  

lo
g

g
in

g
 

on
 

as
 

i 
>p

f 
(l
o
w

e
r-

c
a
s
e
 

le
tt

 

■ 

4—* 

CD u C ■+-* 0 —» o 

o 
1 
0 

T3 

0 
o 

a BBBB 

CO 

a aaaaj 

0 

Ü 
Ü 
CO 

0 
■♦-» 

z 
o 

CO C 

E 
CO 

■+-* 
C 
CO p

p
lic

 >a^ 

c 
o 
> 

c 
'co 
3 

c 
■ aaon 

0 

o 0 
CO c CO 

CO c 
CO 

c 
o to c 

0 
O 
a 

CO c 
O 

0 
0 

lam 

O 00 
■ C 

o c 
o 

ü a maaa 

5 
■ aano 

> 
c 

CD 
0 

a • eaaa 

Ü c 2 
\  

c 
■ anas 

H— 
csi 

-H- 

0 c aaaaai OBMB 

o 0 CO 
a mam O) "D 

^ 
3 mmam £ £ d C 

CO 

675 



CO 

Z 
LU 

C5 
Q 
LU 

Ü 
< 

CO a. 

0) 

CO 
D. 

N 
CO 

Q_ 

05 

CO 

o   o 
o 

CO CO 

CD M 

Li. <D 

. CO 
Q . 
_ < 
CO 
-o c 
C CO 

_J CD 

Q 
LU 
CQ 

X.   DC 
<   < 

O 

CO 

c 
IS 
LL 

0 

O 
cr 

ü 
E 
o 

676 



TIME AND POLARIZATION DEPENDENT DOUBLE SCATTERING 
CALCULATIONS OF LIDAR RETURNS FROM WATER CLOUDS 

Richard Garner 

PhotoMetrics, Inc. 
Wobum, MA 01801 

We have developed a double scattering lidar program which is used to calculate lidar returns 
from water clouds. The program, which is implemented on a PC, is used to interpret data 
acquired with the Air Force Phillips Laboratory's (Geophysics Directorate/GPOA) elastic 
backscatter, polarization sensitive, Nd:YAG based lidar system. The program determines the four 
Stokes parameters of the backscatter lidar radiation, from spatially inhomogeneous media 
composed of spherical particles, as a function of time and as a function of telescope focal plane 
location. We use the program to determine particle size distributions and multiple scatter 
corrected extinction coefficients of water clouds. In this talk we will describe the program, 
compare its results to lidar data, and present and show examples of our data analysis techniques. 

Work Supported by the AF Phillips Laboratory, Geophysics Directorate, Hanscom AFB, MA 
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Time, Polarization, and Focal Plane Dependent 
Calculations of Doubly Scattered Lidar Return 

Radiation from Inmomogeneous Water Clouds. 

Richard Garner 
PhotoMetrics, Inc. 

4 Arrow Dr. 
Woburn, MA 01801 

Work supported by 
U.S. Air Force Philips Laboratory/Geophysics Directorate/GPOA 

Hanscom AFB, MA. 

Ainmal Review Coafereace OR Atmosplicric Tran^EESssion Models 
Phillips Laboratory, Haxsscom AFB, Massacirasetts 

8-9 June 1993 
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Using o 

• a doubled Nd:YAG elastic backscatter lidar (with 
capability for simultaneous polarization measurements) and 

• a time,  polarization,  and focal plane dependent double 
(Mie) scaltering model (implemented on a PC) 

Do the following: 

• Investigate regimes of validity of model. 

determine multiple scatter corrections to lidar derived 
extinction coefiicient, and 

determine particle size distributions. 

Outline of this talk: 

• Describe model. 

• Compare azimuthally dependent lidar returns to 
model calculations. 

• Describe and show example of tecm^aiqra« to dfetenAte size 
distribution and multiple scatter corrected extia^tSo-m 
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Differences with Previous Models 

• Variable extinction along z direction 
(e.g., extinction calculated frornhdar data) 

• Lidar return versus focal plane location 
(azimuth and polar angle). 

• General incident Stokes vector. 

• Receiver response a function of polar angle. 

• Nonintegrable singularity not encountered 
(different variables of integration). 

• Laser has zero divergence. 
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Geometry of double scattering 

laser and receiver 
at oriain 

^- v 

Two successive single scatters at volumes dV\ and dV^. 
First scatter constrained to lie on the z axis. 

Incident Stokes vector:      P0 = 

i        \ 

FLO 
typically 
far:lictax : 

i \ 

0 

0 

0 

681 



laser and receiver 
at origin 

Received power from ome set of scatters: 

dpr = 
Ar^ °J°2LILsin fl1 cos BdRxdRzdB^do x 
1Ö7T2 R" 

L{-<p)P{B2)P{B1)L{-6)P<1 

© L: rotation matrix (in spa.ce of Stofcesr vector) 

@ .P: scattering pirase matrix 

® ^:. extlactioß coefficient at itn scatter 

@ r: total optical path: fengtb 

© Ar($): receiver response (normalized to aperture area) 
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Integration of dPT 

dPT is integrated over all paths of tie same length 

(quadruple integral). 

2nd scatter is in this region 
for constant R, at time t 

cloud base 

scattering plane 

extinction coefficient a is a function of z, 

P is the Mie scatter phase matrix: 

A{d)     0        0 0 

0     B{9)     0 0 

0       0     C{0)  -D(6) 

0       0     D{6)    C{6) 

(size distribution independent of position) 

?{B) = 
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Integration of dPr (cont.) 

• The ö integral can be performed analytically. 

• The remaining three integrals (in i21; 01: R2) are performed 
numericallv. 

© The general expression is long and is not presented here. 

• When the field of view is a complete annular region 
(0 < © < 2TT): 

1 \{AYA2 + ^-e2)(3Piio + P±a) - f [CiC2 - ADo)^ - P±0) ^ 

I(A±A2 + 51B2)(P|,0 + 3P,_0) + f (dC2 - A^2)(P||0 - PLO) 

TU0{C1CZ-D1D2) 

2xV0(C1C2 - AP2) 
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ü 

• 

Parameters input to model: 

extinction as a function of range 

particle size distribution (independent of range) 

complex index of refraction 

incident Stokes vector 

Seid of view (polar and azinrathal angle ranges) 

aperture area and response function 

temporal pulse width 
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Method of Calculation: 

• Mle scattering 

— Calculate phase matrix coefficients 'at discrete angles. 

— Store in arrays. 

— Determine values ax other angles, as needed, by 
interpolation. 

• Double scattering 

— Calculate triple integral using three nested Simpson's 
rule. 

• Calculations are implemented on a PC. 
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Modified gamma size distribution: 

/(*) = 

a a-i-l z "\ 
ay/-*-      \ T     / 

ax\ 
exp 

'771- 

Mie scattering calculation (a = 9   T 35) 
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en 

en 
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E parciei to scattering pkxie 
E perpencSaiar to scottering pione 
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Base case: 

• extinction: 10 km-1 (constant) 

• TI — 1.5 m 

• modified gamma size distribution with 

a 9 

• outer boundary of field of view: 10 mrad. 
(full angle) 

• inner boundary of field of view: 0 mrad. 

• index of refraction: 1.33-j-il0-6 

• cloud base: 1 km 

All results shown are for variations of one or two 
parameters from the base case. 
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Double Scattering Model 
modified gamrna: (G=2,xm=35) 

extinction=10 1/km 
-  H x 1.0e-10 

1e0 k 

1e-1 = 

1e-2 - 

1e-3 r 

1e—4 =■ 

1e-5 
1        105      11 

III!       '        '       '        '        '        f       !        1       '       !       1   „l      ,1   ,   .In,»       S       'in   '. 

115      12     125     13     135     14 
range (km) 
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Field of view 
(inner and outer boundaries) scan 

lei sr 

leO 

(x le-n) 

CD r 
5 r 
o le—l  f 
c - 

Y 

c 
1e-2 L- XJ 

u S 
.c f 
a «L 
o P a. n 
<u 
r\ 1e-4 t- 
1 — 
O t- 

o t 
>-<L 

p 

t 

"OV min/rr.cx 

0/10 <rrrcc) 
:o/20 
20/2C 
20/4.0 

1e—5 
105      11       1.15       12      125      15      155      14 

range (km) 

o a. 

"c . a; 
■g 
"(J c 

a x> 

1e-l 

fe-2 rÄ 

1e—3 =v~r 

fe-4 r 

Te-5 

e—e 
1       105      U 115      12      125      13      135      14 

range (km) 
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Size distribution scan (1) 

c o 

pa 

o c 
03 

T7 

c 
.2 
"o 

O 
Q. 

mode radius, xm 
-c- 10 
— 20 
— 30 
—- 35 
•— 4-0 
— 50 
— 75 
— 100 

1X35      11      IB      12      U5      13      135      141 

range (km) 692 
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Extinction scan 

c 

a 
IM 

105 11      115      12      125      13     135 
range (km) 
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Parallel return vs. azimuth angle. Laser polarization: <£=> 

1 x = 0.385 

i 
o 
z = 2.263 

© 

2 = 3.395 

o 
x = §.144 

ifc^x 

o - 

x = 75 

'L 
■ 

fz = 150 

ISYX 

= 2;rr/A 

Double scatter 
program results. 
Returns from 1 km 
to 1.2 km in 
15 m steps. 

Photographs in focal plane 
of HeNe laser backscatter 

_£rom polystyrene spheres 
~~ suspended in a ckmd efcasftbe: 

Erom: 
S.R. Pal & A.L Cariwei 
AppL Opt. 24, 
pp. 3464-3471 ($985). 
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Perpendicular return vs. azimuth angle.       Laser polarization: 

x = 0.385 

i 

o 
x = 2.263 

& 

o 
x = 9.144 

& 

© 
x = 75 - l 

i 
i 

1 
1 

x = 3.395 

o 

i = 150 

x = 2ITT/X 

Double scatter 
program results. 
Returns from 1 km 
to 1.2 km in 
15 m steps. 

Photographs in focal plane 
of HeNe laser backscatter 
from polystyrene spheres. 
suspended in a cloud chamber 

• From: 
! S.R- Pal k AJL Carsweli 

AppL Opt. 2£, 
pp. 3464-3471 (1985). 
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Curnuius cioud size distribution model 
(Hcncb.ccK of Geophysics end 

the Space Environment, p. 18-29) 
100 r- 

E 
p 

t 
1 E~ 

r 
.it- 

.01 I 
.001 !r 

.0001 Ti——r— 1 i mi !     '      i i mi 

1 TO 100 
size ocr cmeter, x 

TT-m 

100 

CM 
<_ 

"5> c 

> 
o 

u 
Hi 

<n 
to 
O 

leS 

le7 

Mie scattering phese matrix 
comDcnents A end B 

■ Z pcrd^ to seetterinc, plane (A) 
■ Z peraenöcuJar to scattering, plone (B) 

S3 SO 33 T2D IS)' 
scattering cngie 

■BET 

696 



?      € 
«**      03   .•& 

-«■ — *3 
•ff 3s -^ T*«* 

• 
•-C: -o   t? A3 
"sr       :Ä) 

«A m 
ä   33.  :> »   -   s 

,2          SS 

35 o 
5 *-H 

y* 

*  ' 

-^    JB    5£ * << « t^ *   a   * -- •*?< 
t>   *«  «■ 
• 's   w 

J£   tu   a 
S 
s "5 

a» 
O 

i 

a, «-• —' .X ■a* "C" 

s -a   o o tf 
"a. 
a. 

S 2-5 60 
> CQ ^ ^ 

U 

09 
G. 
09 n . 

=3 

o 

05 

03 

05 

3 
O 

•Q 

E 

i 2 
t/1 _ 

1> 5P 

3 
L_ £ 

0) O 
L_ 
a> t/1 
^ > 
o 
u 
Ü3 

0) 
X5 
J 
ü 
Q 

b 

O    Q. 
b s c c 
0 \. 

1 1 

«^  ■       VN 

697 



Determining size distribution and 
multiple scatter corrected extinction 

1. Acquire lidar data (parallel and perpendicular polarization 
components of backscattered radiation from water cloud). 
Calculate depolarization versus range in cloud. 

2. Relatively calibrate the two channels using background data 
(assumed to have depolarization of unity). 

3. Calculate the extinction coefficient as a function of range 
with the KLett technique using the parallel polarization 
component. 

4. Use the calculated extinction pro-file in the double scatter 
model.   Run the model many times for a variety of size 
distributions. Assume a particular size distribution 
(e.g., modified gamma) with free parameters that can be 
varied. 

5. Choose the best size distribution by matching predicted 
depolarization to measured depolarization. 

6. Calculate correction to Klett extinction above using model 
results. 

7. Go to step 4. 
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Description of Lidar^ 

primary and doubled Nd:YAG 

25 mJ/pulse @ 532 nm 

20 Hz pulse repetition rate 

15 cm aperture diameter 

10 mrad field of view 

20 MHz (7.5 m) maximum data rate 

steerable (upper hemisphere) 

two simultaneous linear polarization 
measurements (532 nm only) 
(parallel and perpendicular to laser polarization) 

!PL/GD/GPOA Transportable Optical Atmospheric Data System (TOADS) 
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I i I ooel/Qoic comparison 
7/7/92, #2 
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Techjai^He to determd-ne multiple scatter 
correct-ion to extinction: 

Utilize ideas presented by 

S.R. Pal and A.L Carswell. 
Appl. Opt 8. 1990-1995, (1976) 

Pi\s  =  ^5exp(-2r 

Pp =  ^/3exp[-2(r 

S'ay 

m 

Rm = Pu - Pu = aP: 

Then 

r«, = -In >m 
Pll 

dr. m 
m dR 

P\\t ~ *P± 

a —+ a T c m 

• Measure Pu and P\ with lidar. 
!i* — 

® Determine a with mtodel. 

• Calculate <x m- 
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Tiodifled Gcmmc distribution 
xm=75, c=3 
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model/data comparison (m*s. correptai) 
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9 

Conclusions 

For constant extinction the depolarization of the received radiation 
(single and double scattered) increases from zero to some roughly 
steady state value. The value is relatively low (typically in the range 
of 0.1 to 0.2), even for large extinctions or large fields of view. 

The steady state depolarization increases with increasing 

— extinction 

— field of view 

— cloud base 

Most double scattered power is from near the axis where much of it is 
polarized parallel to the incident radiation. This is the reason for the 
relatively low steady state depolarization. 

Relatively high steady state depolarizations are achieved for clouds 
that are farther away from the lidar (because regions farther from the 
axis then contribute more to the returned double scattered power). 

For real clouds it is important to consider the varying extinction as a 
function distance into the cloud. We see agreement between the model 
and lidar data from clouds using the extinction calculated from the 
data (using single scattering assumptions). 

We see agreement between model and data (lidar and cloud chamber) 

as a function of azimuth angle. 

The parallel component of the backscattered radiation versus azimuthal 

angle is sensitive to size parameter. 
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SKY RADIANCE AND RAY BENDING CALCULATION 

Gertrude H. Kornfeld 

Modeling and Simulation Branch 
Army Research Laboratory 

An interface of MODTRAN results with computer generation of thermal imagery is planned. 
The misuse of MODTRAN information might lead to dangerous conclusions. 

A closed from solution for altitude dependent sky radiance that considers the curvature of the 
earth and ray bending, was originated in-house by the S3I Branch at ARL, and tested for the 
special case of a Boltzmann distribution of particle densities in the atmosphere. 

Ray bending is very important because it potentially invalidates laser designators and also is 
an indication of unstable potentially dangerous atmospheres. A flat earth approximation would 
imply erroneous total reflections. The method can be amended for any analytically described 
atmosphere. 
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INTEGRATION OF LOWTRAN INTO GLOBAL 
CIRCULATION MODELS FOR OBSERVING SYSTEM SIMULATION 

EXPERIMENTS 

S.A. Wood and G.D. Emmitt 

Simpson Weather Associates, Inc. 
809 E. Jefferson St. 
Charlottesville, VA 22902 

The LAWS Simulation Model (LSM) simulates observations from a space-based Doppler lidar 
wind sounder. A main component of LSM is its atmosphere generator model that produces 
global estimates of aerosol optical properties, opaque clouds and subgrid scale turbulence using 
output from the European Center Medium Range Weather Forecast (ECMWF) global circulation 
model. A major issue that will be discussed is the reasonableness of the ß backscatter fields 
resulting from the integration of LOWTRAN into the Global Circulation Models (GCMs). 
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INTEGRATION OF LOWTRAN INTO 
GLOBAL CIRCULATION MODELS 

FOR OBSERVING SYSTEM 
SIMULATION EXPERIMENTS 

S.A. Wood 
G.D. Emmitt 

Simpson Weather Associates, Inc. 
Chariottesville, VA  22902 

FIGURE    1 
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Figure 1. Introduction slide for presentation "Integration of 
Lowtran Into Global Circulation Models for Observing System 
Simulation Experiments" by S. A. Wood and G. D. Emmitt. 

Figure 2. Overview slide for "Integration of Lowtran Into 
Global Circulation Models for Observing System Simulation 
Experiments" by S. A. Wood and G. D. Emmitt. 

Figure 3. Block diagram for the LAWS Simulation Model - 
Global Version. 

Figure 4. Overview slide for the Observing System Simulation 
Experiments for LAWS. 

Figure 5. Overview slide for the 1° X 1° Global LOWTRAN Input 
Data Base. 

Figure 6.  Flow diagram for the LSM's optical property model. 

Figure 7.  LAWS baseline signal to noise eguation. 

Figure 8. Global 9.11 jum relative aerosol backscatter (/xm**2 
m"1 sr'1) at the earth's surface for 1/16/79 0600Z. The aerosol 
backscatter has been multiplied by the lidar wavelength sguared. 

Figure 9. Global 2.1 jum relative aerosol backscatter (/zm**2 
m"1 sr"1) at the earth's surface for 1/16/79 0600Z. The aerosol 
backscatter has been multiplied by the lidar wavelength sguared. 

Figure 10. Global relative humidity field at the earth's 
surface for 1/16/79 0600Z. 

Figure 11. Attenuated global 9.11 /zm relative aerosol 
backscatter (Mm**2 m"1 sr"1) at the earth's surface for 1/16/79 
0600Z. The aerosol backscatter has been multiplied by the lidar 
wavelength sguared. 

Figure 12. Attenuated global 2.1 ßm relative aerosol 
backscatter (/xm**2 m"1 sr'1) at the earth's surface for 1/16/79 
0600Z. The aerosol backscatter has been multiplied by the lidar 
wavelength sguared. 

Figure 13. Global 9.11 /zm relative aerosol backscatter (/zm**2 
m"1 sr"1) greater than 2.5 e-6 with integrated cloud cover less than 
90% for 1/16/79 0600Z. The aerosol backscatter has been multiplied 
by the lidar wavelength sguared. 

Figure 14. Global integrated cloud cover from the top of the 
atmosphere to the earth's surface for 1/16/79 0600Z. 
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DESCRIPTION OF OSSEs FOR SPACE- 
BASED DOPPLER L1DAR WIND 
SOUNDER 

GLOBAL LOWTRAN DATA BASE 
(1° X 1°) 

GCM INPUTS (WINDS, RH, CLOUDS) 

OPTICAL PROPERTIES FOR SNR 
EQUATION 

FIGURE    2 
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FIGURE  4 

LOG 8ACKSCATTER (M-l   SH-I] AT 850  KM 

THE OBSERVING SYSTEM SIMULATION EXPERIMENTS FOR LAWS 
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1 ° x 1 ° GLOBAL LOWTRAN INPUT 
DATA. BASE 

LOCATION PROFILE 

- Tropical 
- Subtropical 
- Midlatitude 
- Sub-Artie 

HAZE MODEL 

- Rural 
- Navy Maritime 
- Ocean 
- Urban 
- Tropospheric 
- Desert 

COASTAL INFLUENCE 

- Open Ocean 
- Weak Continental Influence 
- Strong Continental Influence 

FIGURE    5a 
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STRATOSPHERIC MODEL 

~ Background 
- Moderate Aged Aerosol 
- Moderate Fresh Aerosol 
- High Aged Aerosol 
- High Fresh Aerosol 

Upper Atmosphere Model 

- Normal Upper Atmosphere 
- Extreme Upper Atmosphere 
- Transition Volcanic to Normal 
- Transition Normal to Volcanic 

FIGURE    5b 
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RELATIVE HUMIDITY 
WIND SPEED 
WAVELENGTH 
TEMPERATURE 

ATM. PRESSURE 

EXTINCTION COEFF. 
ABSORPTION COEFF. 
SCATTERING COEFF. 

ASYMMETRY PARAMETER 

MARINE 
ALGORITHM 

C    ENTER       J 

MOLECULAR 
ATTENUATION 

EXTINCTION COEFF. 
ABSORPTION COEFF. 
SCATTERING COEFF. 

ASYMMETRY PARAMETER 

AEROSOL 
SCALING 
FACTOR 

f( WAVEL, RH, TEMP., PRESS., Z) 

f(VIS(RH), Z, SEASON, PROFILE) 

f(RH, WAVELENGTH) 

f( WAVEL., RH, WIND, COASTAL INF.) 

FIGURE    6a 
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EXTINCTION COEFF. 
ASSCRPTICN COEFF. 
SCATTERING COEFF. 

ASYMMETRY PARAMETER 

EXTINCTION COEFF. 
ABSORPTION COEFF. 
SCATTERING COEFF. 

ASYMMETRY PARAMETER 

DESERT 
ALGORITHM 

_L 
EXTINCTION. COEFF. 

ABSORPTION COEFF. 
ASYMMETRY PARAMETER 

EXTINCTION COEFF. 
ABSORPTION COEFF. 
SCATTERING COEFF. 

ASYMMETRY PARAMETER 

f(RH, WAVELENGTH) 

f(RH,-WAVELENGTH) 

f(WIND SPEED, WAVELENGTH) 

f(RH, WAVELENGTH) 

3ACKSCATTER 
PHASE FUNCTION 

f(WAVEL, RH, Z) 

X 
AEROSOL 

3ACKSCATTER 

"IGUSE    5b 
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Baseline LAWS SNH Equation 

ff.ni-rvrvrW-D^X-ß-e-2'-«* 
SNR^ =   —   ' 

8-h B-R2 
= wideband SNR 

ni = quantum efficiency = .40 

n2 = optical efficiency = .65 

n3 = system efficiency factor = .32 

n4 = other losses = .5 

j" = laser energy (Joules) 

D  = mirror diameter (m) 

X  = laser wavelength (m) 

ß  = backscatter (TU
;
 sr'1) 

a     = at-enua-ion as a function of distance r from 
telescope 

h = Planck's constant = 6.63 x 10"34 joule-sec 

3 = processing bandwidth = 2 Vs/X (mhz) 

Vs = search window (m s"1) =50=(±25ms') 

R = slant range (m) 

FIGURE  / 
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AEROSOL DISTRIBUTION AND IR BROADBAND TRANSMITTANCE 
IN THE MARINE BOUNDARY LAYER IN THE MEDITERRANEAN 

ENVIRONMENT 

Mireille Tanguy, Michel Autric, and Bernard Salles 

DCN/CESDA Mourillon/GR. OPT 
BP 77 
83800 Toulon Naval FRANCE 

An IR broadband tranmissometer has been settled near the Toulon's coast in the Mediterranean 
Sea. The atmospheric transmittance has been measured along a horizontal path of 8 km at about 
30 m above the sea surface. Meteorological parameters, aerosol density distribution and 
visibility have been recorded too. Partial results have been presented during the SPIE meeting 
in Orlando (April 1991).  So further conclusions will be presented on: 

- Aerosol density behavior 
- Atmospheric transmittance behavior 
- Systematic comparison between measures and LOWTRAN 7 

using Navy maritime model and Maritime model. 
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OUTLINE 

INTRODUCTION 

THE GEOGRAPHIC SITE AND THE TECHNICAL MEANS 

THE AEROSOL DENSITY MEASUREMENTS 

THE ATMOSPHERIC TRANSMITTANCE MEASUREMENTS AND 

THE LOWTRAN 7 CODE 

CONCLUSION 
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INTRODUCTION 

FINAL GOAL : 

- Improvement of the software : PREDIR used for the prediction of the 

range of the Navy's ER Optronics passive systems 

- LOWTRAN code : subroutine of PREDIR for radiance and 

transmittance calculations 

OUR PRESENT STUDY : 

- Validation of the LOWTRAN version 7 in a marine mediterranean 

environment for the following conditions: 

Atmospheric Transmittance 

aerosol contribution at 14 meters high 

horizontal path at 30 meters high in a coastal zone * 
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GEOGRAPHIC SITE AND THE TECHNICAL MEANS 

AEROSOLS TRANSMITTANCE 

period Aoüt-September Oct-Nov-Dec 

CSASP100HV 14 m (building) 

ASASP-X 14m (building) 14m(building) - 7m(ship) 

TRANSMISSOMETER 3-5/8-12um-30m-8km 

METEOFRANCE 125 m (2km to South) 

VISIBILITY METER 17 m (building) 17m(building) - 8m (ship) 

AUTOMATIC METEO 40m (receiving set) 
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AEROSOL DENSITY MEASUREMENTS 

100000 
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D(um) 

kinds of exploitation: 

average volume over 4 diameters ranges : 

0.09um-0.5um        0.5um-2um      2um-10Lim    10um-47um 

volume d\ — d1 
rdl 4 

(d2-dl) 
x f ~ — x 7TX r-3 x —— x dr 

>d 1     ^ rlr 
3    dN 

dr 

extinction coefficients Kaer calculated from measured aerosols 

distributions (Mie theory) 

total transmittance by introducing extinction coefficients into "user 

defined card" of Lowtran code 
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AEROSOLS DENSITY MEASUREMENTS 

The average volumes and the meteorological conditions 

60 

50 

40 

30 

20 

10 

0 

volume 0.1-0.5um 
unstable wind stable continental wind 

Vc<6m/s  Vc < 12m/s Vc < 12m/s 

h = 14m 

VT 

r f\ ^V IJVU 
Ar 

Al 
r+-*- .■A 

'T^r EZ 

h = 7m 

ram _ram_ 

bad relation between air mass and [O.lum-O.Sum] aerosol density : 
- proximity of coast 

- likeness of the trajectory of depression and anticyclone air mass 
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AEROSOLS DENSITY MEASUREMENTS 

The average volumes and the meteorological conditions 
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ATMOSPHERIC TRANSMITTANCE MEASUREMENTS 
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CONCLUSION 

COASTAL MEDITERRANEAN ZONE 

Navy Aerosol Model unadapted at 14 meters high 

reference aerosol distribution 

surface range 
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absolute humidity 

estimation of atmospheric transmittance at 30 meters high 
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MARITIME MODIFICATIONS TO LOWTRAN RADIANCE 

C.R. Zeisse 

NCCOSC RDTE DIV 543 
53170 Woodward Road 
San Diego, CA 92152 

LOWTRAN 6 has been modified for shipboard observation (Hl ~ 10 m) of the marine horizon 
(ANGLE = 90 ± 1°) in the long wave band (830 to 1250 cm"1). For paths to the sky an 
anomalous dip originally occurred in the radiance calculated just above the horizon. This dip 
disagreed with low altitude observations of the maritime sky and was removed by increasing the 
atmospheric layering. For paths to the earth, the earth has been reinterpreted as the sea. Using 
Cox-Munk wave slope statistics for the sea surface, the following sea radiance contributions have 
been introduced in addition to the path radiance already provided by LOWTRAN 6: (1) thermal 
emission from the sea, (2) reflection of sky radiance by the sea, and (3) solar glints. These 
modifications increase the" calculated radiance by as much as a factor of two and bring 
calculations to within a few °C of marine observations. They are being considered for 
introduction into future LOWTRAN versions. Finally, it will be proven that the Ben-Shalom 
radiance formula does not respond to aerosol content, making it inappropriate for use in the 
marine environment. 
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